The agents of meningopneumonitis (MN) and of trachoma (TR) purified from chick embryo allantoic fluids and yolk sacs, respectively, were shown to produce CO2 from the Cl positions of pyruvate and glutamate, but not from the other carbon atoms. The reaction with pyruvate did not require the addition of cofactors, but was stimulated to a small extent by a-lipoic acid and, in the case of TR, also by diphosphothiamine, and nicotinamide adenine dinucleotide (NAD). (MN). These enzymes could be differentiated by starch-gel electrophoresis from the corresponding ones derived from uninfected chick embryos.
However, Vender and Moulder (personal communication) found that hexokinase could be removed from MN particles by digestion with Pronase or trypsin and suggested the possibility that this enzyme was of host origin.
This study was prompted by previous evidence (18, 19) that some of the CO2 liberated from glucose was derived from the number 3 or 4 carbons, or both, and that pyruvate was possibly an intermediate. In addition to pyruvate, the utilization of glutamate and related compounds was investigated. Most of the work was done with MN purified from allantoic fluid, but a few experiments were carried out with the agent of trachoma (TR) purified from yolk sac. As in previous investigations (18) , unusual cofactor effects and apparent gaps in enzyme sequences were encountered.
MATERIALS AN:D METHODS
The Cal 10 strain of MN was grown in the allantoic fluids of chick embryos, and was purified by the procedure outlined previously (11, 18) . The TE-55 strain of TR was grown in yolk sacs, and was purified by a procedure similar to that described by Weiss et al. J . BACrP.IOL. (19) . The principal differences between the previous and present procedures were as follows. Pronase (Calbiochem) was substituted for trypsin, and was used during an early as well as a late step in the procedure; the entire procedure of purification was completed during 1 day, instead of 2. The purified suspension was stored at 0 C and was used during the following 2 days in metabolic experiments. Control preparations for MN and TR were prepared as previously described (18, 19) with the modifications introduced here for TR preparations. The final preparations were assayed for protein content and infectivity (19) .
Metabolic experiments were carried out with C4-labeled substrates as previously described, except that 25-ml Erlenmeyer flasks were substituted for Warburg vessels. CO2 was trapped by use of Hyamine (Packard Instrument Co., La Grange, Ill.) placed in plastic cups suspended 1 to 2 cm above the level of the reaction mixtures by plastic rods inserted into the stoppers (3) . The flasks, containing in most experiments 2.4-ml volumes of reaction mixtures, were incubated in a metabolic shaker for 2 hr at 34 C plus a 5-min allowance for thermal equilibration. The reaction was stopped by the introduction of 0.6 ml of 25% trichloroacetic acid per flask. After an additional 0.5 hr of incubation, each plastic cup with its contents was separated from its rod and was placed into a liquid scintillation vial. Methanol (2.5 ml) and toluene (15 ml), containing 6 g of 2,5-diphenyloxazole (PPO) per liter and 0.1 g of 1,4-bis-2-(5-phenyloxazolyl)-benzene (POPOP) per liter, were added to each flask, and the radioactivity of the CO was determined in a liquid scintillation counter. The amount of CO2 produced was calculated as described previously (19) In preparation for experiments requiring chromatographic separation of the reaction products, the final volume was 0.8 ml per flask, but the concentrations of microorganisms, 0.4 to 0.5 mg of agent protein, were approximately the same as in other experiments. The reaction was stopped by the addition of 0.2 ml of 2.5 M perchloric acid, and the precipitate was eliminated by centrifugation. To the supernatant fluid was added 0.2 ml of 2.5 M KHCO3, and the precipitated potassium perchlorate was also eliminated by centrifugation. Volumes of 2.5 ,uliters of these supernatant fluids were chromatographed on plates coated with cellulose, as described in detail by Myers and Huang (12) . The contents of selected spots on the cellulose were placed in liquid scintillation vials to which were added toluene containing PPO and POPOP, and Thixotropic gel powder (Cab-O-Sil, Packard Instrument Co.), according to the procedure of Snyder and Stephens (15) . The radioactivity of the various spots was presented in terms of disintegrations per minute, based on a counting efficiency of approximately 70%.
RESULTS
Carbon dioxide production from pyruvate-w*d glutamate. MN and TR produced CO2 from pyruvate and glutamate. Experiments in which pyruvate was labeled with C4 in positions 1, 2, and 3 and glutamate was labeled in positions 1, 3-4, and 5 clearly indicated that CO2 was produced only from carbon 1 of either substrate. Glutamine was also metabolized by both agents, but to an extent somewhat lower than glutamate. Most of the work that followed was carried out with pyruvate-l-C'4 and glutamate randomly labeled with C'4 (glutamate-R-C'5).
Typical results are shown in Table 1 Table 2 illustrates two attempts to determine the pathway by which glutamate was utilized by MN. The addition of large amounts of unlabeled a-ketoglutarate to glutamate-C'4 significantly reduced CO2 production from glutamate. On the other hand, -y-aminobutyrate had no effect. These results can be taken as tentative evidence that glutamate is metabolized via a-ketoglutarate.
The possibility that a transaminase is involved in the catabolism of glutamate was tested by incubating the microorganisms with glutamate-C'4 and large amounts of unlabeled pyruvate or oxaloacetate. As shown in Table 2 , the addition of pyruvate greatly enhanced CO2 production from glutamate, whereas oxaloacetate was inhibitory. These results suggest that MN possesses a glutamate-pyruvate transaminase.
If MN indeed has an active transaminase, the incubation of MN with pyruvate-C'4 and unlabeled glutamate should result in the production of C'4-labeled alanine. Figure 1 illustrates an experiment designed to test this hypothesis. The microorganisms were incubated with pyruvate-3-C14 of high specific activity with or without unlabeled glutamate of 10-fold higher concentration. After incubation, the reaction mixtures were treated as described in Materials and Methods and were chromatographed as shown in Fig. 1 with carrier alanine. The radioactivity of the alanine spots of the specimens incubated without glutamate was relatively low, and was approximately the same as that of the control preparations composed of boiled microorganisms. The alanine spots of the specimens incubated with glutamate, on the other hand, contained appreciable amounts of radioactivity. The three specimens producing high radioactivity in the alanine spots were processed further by twodimensional chromatography, which clearly separated alanine from citrate and other intermediates of the citric acid cycle, as outlined in Fig. 2 (broken lines). The radioactivity of the alanine spots remained the same, whereas the spots identified by use of carrier citrate contained no radioactivity. From (Fig. 2) . Surprisingly, the incubation of the Table 5 indicated that without interfering factors, such as adenylate kinase, the test was highly sensitive and probably the formation of amounts as low as 10-6 M of glucose-6-phosphate would have been detected.
Metabolic activities of control preparations. Controls for MN consisted of allantoic fluids of uninoculated embryos, to which were added a sufficient number of mechanically disrupted chorioallantoic membranes to raise the protein content to that of infected fluids. Controls for TR consisted of uninfected yolk sacs. Protein yields, according to respective procedures of purification, were compared in each case with those obtained in the three experiments with agents which immediately preceded them. The ratios of protein recovery from control preparations to protein recovery from agent preparations (Table 6 ) were used to estimate the host protein (Table 6 ). Since glutamate metabolism of MN with or without NAD was small (Table 1) , the low activity of control preparations (Table 6) represented an appreciable fraction of the total activity. However, control and agent preparations differed in two important qualitative aspects. The addition of unlabeled pyruvate tended to reduce glutamate metabolism instead of greatly enhancing it ( Table 2) . The further addition of fumarate did not reduce the reaction as in case of MN preparations (Table   3 ). Glutamate was utilized by control yolk sac preparations to a low extent also, but, because of the more intense activity of TR with added NAD, this represented only a small fraction of the total. On the basis of these results, it can be concluded that the host contributed some glutamate dehydrogenase to the reactions illustrated in Tables 1 to 3 (11) . Under these conditions, most of the cells are of the "small-particle" type. The possibility should be entertained that, during an early stage of intracellular growth when most cells are of the "large-particle" type (9) , additional enzymes are present.
There is no evidence that the reactions thus far described result in the production of useful energy. This is not surprising, because Weiss and Kiesow (Bacteriol. Proc., p. [85] [86] 1966) showed that MN cells have no demonstrable flavoproteins or cytochromes and that they can reduce pyridine nucleotides but cannot reoxidize them. Thus, even if MN has all the enzymes of the citric acid cycle, for proper function the host cell must provide cofactors and reoxidize reduced cofactors.
From the vantage point of these new observations, the relationship of chlamydiae to other microorganisms can be re-examined. The utilization of glutamate, in preference to glutamine, is a property that chlamydiae share with the typhus rickettsiae and R. rickettsii (2, 6; E. Weiss, H. B. Rees, Jr., and J. R. Hayes, Nature, in press). On the other hand, R. quintana, which grows on blood-agar (17) , utilizes glutamine in preference to glutamate (K. Huang and E. Weiss, Bacteriol. Proc., p. 116-117, 1965). The same is true of Wolbachia persica (16) , which is an obligate intracellular parasite, but has a very active independent metabolism (13, 20) . Glutamate may well be an important metabolite for a number of obligate intracellular parasites, but similarities between the metabolisms of chlamydiae and rickettsiae are only superficial. Typhus rickettsiae (1) as well as R. quintana have a glutamateoxaloacetate transaminase and produce CO2 without added cofactors from all carbons of glutamate (7; K. Huang, unpublished data). Thus, chlamydiae still retain a unique position among the obligate intracellular bacteria that have been studied thus far.
